(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



EP1 229 482 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

07.08.2002 Bulletin 2002/32 

(21) Application number: 02250738.8 

(22) Date of filing: 04.02.2002 



(51) IntCI. 7 : G06K 7/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSETR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 03.02.2001 KR 2001005286 

(71) Applicant: SAMSUNG ELECTRONICS Co. Ltd. 
Kyungki-do, Seoul (KR) 



(72) Inventor: Kim, Tae-ho 

Gusung-myun, Yongin-city, Kyungki-do (KR) 

(74) Representative: Geary, Stuart Lloyd et al 
Venner, Shipley & Co., 
20 Little Britain 
London EC1A 7DH (GB) 



(54) Antenna for card reader 

(57) A reader coil antenna for a non-contact type card reader an outer coil (1 20) and at least one inner coil (140), 
disposed inside the outer coiL for generating constructive interference of the magnetic field of the outer coil. 



FIG. 9 




BNSDOCID: <EP 1229482A2_I_> 



t 



EP 1 229 482 A2 



Description 

[0001] The present invention relates to a reader coil 
antenna of a non-contact type card reading system, the 
antenna comprising an outer loop and an inner loop. 
[0002] Both a contact type magnetic card having a 
magnetic strip portion which is swiped for reading and 
a non-contact type card, which transmits/receives data 
using an alternating magnetic field are known. Exam- 
ples of magnetic cards are credit cards and pre-paid tel- 
ephone cards. Examples of the non-contacting type 
card are pre-paid transportation cards and non-contact- 
ing type subway credit cards. 

[0003] Figure 1 is a block diagram illustrating a con- 
ventional non-contacting type card identification sys- 
tem. 

[0004] Referring to Figure 1 , the conventional non- 
contact type card identification system 10 includes an 
antenna system 16, a card reader 18 and a control unit 
20. 

[0005] The card reader 18 generates a current to 
sense a non-contacting type card 14, and creates a 
magnetic field formed by the current through the anten- 
na system 16. 

[0006] The a battery in the non-contact type card 14 
is charged by energy from the transmitted magnetic 
field, and transmits a signal including internally-stored 
data to the antenna system 16. 

[0007] The signal received in the antenna system 16 
is output to the control unit 20 through the card reader 
18. 

[0008] The signal received in the control unit 20 is 
compared with master security information (not shown) 
stored in the control unit 20 to decide card identification, 
and is transmitted through the antenna system 16. 
[0009] Further, the antenna system 16 includes a 
reader coil antenna, and generates the magnetic field 
by the current applied to the reader coil antenna and 
receives the signal from the non-contacting type card 

[0010] Figure 2 is a perspective diagram illustrating a 
conventional reader coil antenna. As shown therein, the 
conventional reader coil antenna includes a driving loop 
antenna 22, double loop antennas 32, 34 and a non- 
magnetic conductive material 26. 
[001 1 ] Here : the double loop antennas 32, 34 are con- 
nected to each other in a cross-over unit 36. In addition, 
the non-magnetic conductive material 26 contains alu- 
minium, silver, copper, brass or gold to induce the mag- 
netic field of the driving loop antenna 22 by providing a 
shield against an eddy current. A driving current for driv- 
ing the non-contact type card 14 is applied to terminals 
28, 30, connected to the card reader 18. The magnetic 
field is generated in the driving loop antenna 22 due to 
the applied current. Here, an induced current is gener- 
ated in the double loop antennas 32, 34 by the driving 
loop antenna 22. The induced current has a phase dif- 
ference of 180° from a direction of the current flowing 



through the driving loop antenna 22. 
[0012] The double loop antennas 32, 34 are adhered 
to the surface of the non-magnetic conductive material 
26. Accordingly, the magnetic field is generated on the 
5 front surface of the antenna system 1 6 where the non- 
contacting type card 14 is positioned, but induced and 
absorbed on the rear surface thereof. 
[0013] In the above-described reader coil antenna, 
the driving loop antenna 22 and the double loop anten- 
10 nas 32, 34 have opposite current direction. It is thus dif- 
ficult to increase a reading distance which is the data 
recognition distance between the antenna system 16 
and the non-contacting type card 1 4 . Moreover, the non- 
magnetic conductive material 26 induces and absorbs 
75 the magnetic field, thus reducing strength of the mag- 
netic field. As a result, the reading distance due to the 
magnetic field is further shortened. 
[0014] Accordingly, an aim of the present invention is 
to provide a reader coil antenna which can increase the 
20 reading distance, where a non-contacting type card is 
read, due to strength of an internal magnetic field, and 
a non-contacting type card identification system using 
the same. 

[0015] A reader coil antenna according to the present 
^ invention is characterised in that the inner loop is con- 
figured for generating constructive interference with a 
magnetic field formed by the outer loop. 
[0016] Preferably the inner and outer loops comprise 
respective turns of a spiral. 
30 [0017] In one aspect of the present invention, a reader 
coil antenna of a non-contacting type card identification 
system includes: an outer coil forming a predetermined 
loop, and forming a magnetic field by receiving a current; 
and at least one inner coil disposed inside the loop of 
35 the outer coil, for generating a constructive interference 
in a direction of the magnetic field of the outer coil by 
receiving a current. 

[0018] In another aspect of the present invention, a 
non-contacting type card identification system using a 
^0 reader coil antenna includes: the reader coil antenna for 
forming a magnetic field due to a signal applied to flow 
in an identical direction; a card reader for transmitting 
an operating signal through the reader coil antenna, and 
decoding an input signal from a non-contacting type 
45 card; and a control unit for deciding identification of the 
non-contacting type card according to the decoded sig- 
nal. 

[0019] According to the present invention a sensing 
region of the center portion of the coil is increased due 
5 o to the reader coil antenna provided with the identical di- 
rection current. In addition, strength of the magnetic field 
is increased near the center portion of the coil, by insert- 
ing a non-conductive magnetic material into the inner 
coil. As a result, the sensing region is increased, com- 
55 munication reliability is improved, and a dead zone is 
reduced. 

[0020] Embodiments of the present invention will now 
be described, by way of example, with reference to Fig- 
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ures 3 to 9 of the accompanying drawings, in which 

Figure 1 is a block diagram illustrating a convention- 
al non-contacting type card identification system; 
Figure 2 is a perspective diagram illustrating a read- 
er coil antenna in Figure 1 ; 

Figure 3 is a top diagram illustrating a reader coil 
antenna in accordance with a first embodiment of 
the present invention; 

Figure 4 is a cross-sectional diagram illustrating the 
reader coil antenna in Figure 3; 
Figure 5 is a cross-sectional diagram illustrating a 
reader coil antenna in accordance with a second 
embodiment of the present invention; 
Figure 6 is a cross-sectional diagram illustrating a 
reader coil antenna in accordance with a third em- 
bodiment of the present invention; 
Figure 7 is a cross-sectional diagram illustrating a 
reader coil antenna in accordance with a fourth em- 
bodiment of the present invention; 
Figure 8 is a graph showing strength of a magnetic 
field according to a coil diameter in Figures ,3 and 
7; and 

Figure 9 is a block diagram illustrating a non-con- 
tacting type card identification system using the 
reader coil antenna in Figure 3. 

[0021] Figure 3 is a top diagram illustrating a reader 
coil antenna in accordance with a first embodiment of 
the present invention, and Figure 4 is a cross-sectional 
diagram illustrating the reader coil antenna in Figure 3. 
The reader coil antenna includes an outer coil 120 and 
an inner coil 1 40 for forming a magnetic field due to an 
applied current. 

[0022] Here : the inner coil 140 is disposed inside the 
outer coil 1 20. The outer coil 1 20 and the inner coil 1 40 
are incorporated into one coil. In addition, the outer coil 
120 and the inner coil 140 are respectively connected 
to terminals 160, 180 which are signal input/output 
paths. One line of the terminals 160, 180 is used as an 
input line, and the other line is used as a ground line. In 
this embodiment, the outer terminal 160 connected to 
the outer coil 120 is used as the input line of signals, 
and the inner terminal 180 connected to the inner coil 
140 is used as the ground line. 

[0023] The outer coil 120 and the inner coil 140 are 
mounted on a printed circuit board 50 to prevent move- 
ment. 

[0024] When a driving current is applied to the outer 
terminal 160, the identical direction current flows 
through the outer coil 120 and the inner coil 140. Ac- 
cordingly, a magnetic field is generated near the coil. 
Here, the magnetic field is formed in a single direction, 
and in a space surrounded by the inner coil 140, which 
adds strength to the magnetic field in a vertical direction 
(with respect to the surface of the printed circuit board 
50, on which the coils are mounted). 
[0025] The more the outer coil 1 20 is separated from 



the inner coil 1 40, the more the strength of the magnetic 
field 140 is increased in the inner coil 140. However, 
when the interval between the outer coil 120 and the 
inner coil 140 reaches a predetermined value, namely 
5 where a diameter of the inner coil 140 is excessively 
small, the strength of the magnetic field of the inner coil 
140 is reduced. 

[0026] Preferably the coils 120, 140 are a made from 
thin films plated w 5 th copper, and are a few tens u.m in 
10 thickness. 

[0027] The interval between the outer coil 1 20 and the 
inner coil 140 is preferably an optimal distance decided 
by experiments. Generally, the diameter of the coils 1 20 , 
140 ranges from 30 to 40|xm, and the interval between 
15 the outer coil 1 20 and the inner coil 1 40 ranges from 20 
to 30mm. Average diameter of internal region formed by 
the outer coil 120 ranges from 55 to 65 mm. 
[0028] Preferably, when the outer diameter of the coil 
120, 140 is 35fim, and the internal between the outer 
20 coil 120 and the inner coil 140 is 25mm, and the a di- 
ameter of loop formed by the outer coil 120 is 58.5mm, 
the maximum strength of the magnetic field is obtained 
in the inner coil 140 in a vertical direction. 
[0029] Figure 5 is a cross-sectional diagram illustrat- 
es jng a reader coil antenna in accordance with a second 
embodiment of the present invention. Here, identical 
units to the first embodiment are provided with the same 
reference numerals. The reader coil antenna includes 
an outer coil 120, a first inner coil 140 and a second 
30 inner coil 150. When the two inner coils 140, 150 are 
employed, the magnetic field generated in the second 
inner coil 150 is stronger than the magnetic field gener- 
ated in the inner coil 140 of the first embodiment. Ac- 
cordingly, the inner coil may be provided in a multiple 
35 number, as shown in Figure 5. 

[0030] Figure 6 is a cross-sectional diagram illustrat- 
ing a reader coil antenna in accordance with a third em- 
bodiment of the present invention. In the reader coil an- 
tenna, a magnetic inducing layer 220 consisting of a 
40 non-conductive magnetic material is plated on the rear 
surface of a printed circuit board 50 where coils 120, 
1 40 are adhered. The non-conductive magnetic materi- 
al does not have electric conductivity, and has magnet- 
ism when positioned in a magnetic field space. 
45 [0031] According to the present invention, the mag- 
netic field exists on the rear surface of the printed circuit 
board 50. The magnetic inducing layer 220 induces a 
direction of the magnetic field on the rear surface to the 
printed circuit board 50. In this embodiment, the induced 
so magnetic field is combined with the magnetic field of a 
coil direction, to generate a constructive phenomenon. 
It is thus possible to increase a sensing region due to 
the current identically applied to the coils, and to reduce 
discharge of the magnetic field to the rear surface of the 
55 printed circuit board 50. 

[0032] Induction of the magnetic field is dependent 
upon a thickness of -the magnetic inducing layer 220. 
Preferably, when the thickness of the printed circuit 
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board 50 ranges from 0.3 to 0.9mm, the thickness of the 
magnetic inducing layer 220 ranges from 1 to 3mm. 
[0033] In addition, the magnetic inducing layer 220 
may be screen-printed on the rear surface of the printed 
circuit board 50. 5 
[0034] Figure 7 is a cross-sectional diagram illustrat- 
ing a reader coil antenna in accordance with a fourth 
embodiment of the present invention. The third and 
fourth embodiments of the present invention use the 
same reference numerals. A groove 210 is formed on a 10 
printed circuit board 50, in an internal region 230 created 
by the inner coil 140. A magnetic inducing layer 220a is 
correspondingly inserted into the groove 210, and ad- 
hered to the rear surface of the printed circuit board 50. 
[0035] The magnetic inducing layer 220 adhered to 15 
the rear surface of the printed circuit board 50 is oper- 
ated as in the third embodiment of the present invention . 
[0036] The magnetic inducing layer 220a inserted in 
from the inner coil 140, in the internal region 230, forms 
a magnetic field induced in the same direction as by the 20 
magnetic inducing layer 220 adhered to the rear surface 
of the printed circuit board 50, which is in a vertical di- 
rection to the coil surface, and maintains a maximum 
magnitude of a vertical magnetic flux passing the non- 
contacting type card. Therefore, the vertical magnetic 25 
flux is increased in the inner coil 140, thus reinforcing 
the strength of the internal magnetic field. In addition, 
the magnetic inducing layer 220a may be coated on the 
surface of the printed circu it board 50, instead of forming 
the groove 210. - 30 

[0037] Further, a thickness of the magnetic inducing 
layer 220a correspondingly inserted into the groove 21 0 
of the printed circuit board 50 140 is almost identical to 
a thickness of the printed circuit board 50. 
[0038] Figure 8 is a graph showing the strength of the 35 
magnetic field according generated by the embodi- 
ments shown in FIGs. 3 and 7. Referring to Figure 8, a 
thin line 100 denotes the strength of the magnetic field 
generated by the embodiment shown in Figure 3, and a 
thick line 200 denotes the strength of the magnetic field 40 
generated by the embodiment shown in Figure 7. 
[0039] In the thin line 1 00, the strength of the magnetic 
field is smaller in the center portion than the coil position. 
In the thick line 200, the strength of the magnetic field 
is almost identical in the coil position, but changes at the 45 
center portion where the magnetic inducing layer 220a 
is inserted. As shown, the strength of the magnetic field 
is increased in the coil center portion due to the mag- 
netic inducing layer 220a. 

[0040] Figure 9 is a block diagram illustrating a non- so 
contacting type card identification system using the 
reader coil antenna shown in Figure 3. The non-contact- 
ing type card identification system includes a reader coil 
antenna 110, a card reader 330 and a control unit 350. 
Preferably, the non-contacting type card identification 55 
system further includes a matching circuit 310 for con- 
trolling input/output signals of the reader coil antenna 
110 and the card reader 330. 



[0041] Reference numeral 410 denotes a sensing re- 
gion by the reader coil antenna 1 1 0, and 430 denotes a 
non-contacting type card. 

[0042] The card reader 330 transmits an operating 
frequency including power and a signal through the 
reader coil antenna 110. In this example, the operating 
frequency is 13.56MHz. 

[0043] The operating frequency outputted from the 
card reader 330 through the matching circuit 310 gen- 
erates a magnetic field in the reader coil antenna 110. 
At this time, the magnetic field is weak between the coils 
120, 140 due to a destructive interference, but strong 
near the coils 120, 140 due to a constructive interfer- 
ence. Thus, the sensing region formed by the identical 
operating frequency is increased. 
[0044] An inducing electromotive force is accumulat- 
ed in the non-contacting type card 430 due to the dis- 
charged magnetic field, and then discharged to the 
reader coil antenna 110 with the stored information. 
[0045] The received signal is input to the card reader 
330 through the matching circuit 310. The card reader 
330 reads, amplifies, filters and decodes the data. The 
control unit 350 decides identification according to the 
decoded signal. 

[0046] According to the present invention , the sensing 
region of the center portion of the coil is increased due 
to the reader coil antenna provided with the identical (or 
single) direction current. In addition, the non-conductive 
magnetic material is adhered to the rear surface of the 
printed circuit board, and thus the magnetic field id not 
generated thereon. It is thus possible to control dis- 
charge of the magnetic field in an unwanted direction. 
Moreover, the strength of the magnetic field is increased 
near the center portion of the coil, by inserting the non- 
conductive magnetic material in from the inner coil, as 
shown in Figure 7. As a result, the sensing region for 
the system is increased, communication reliability is im- 
proved, and the size of a dead zone is reduced. 
[0047] The coils shown and discussed above are 
formed in a circular shape, but may be formed in various 
shapes to apply the identical direction current to the out- 
er coil and the inner coil. 

[0048] Further, in the embodiments shown and dis- 
cussed above, the outer coil and the inner coil have the 
identical center portion, or a common center point. How- 
ever, it should be noted that as long as the inner coil is 
positioned inside of the outer coil, the outer coil and the 
inner coil may have different center portions, or center 
points. 

[0049] In addition, in the above discussed embodi- 
ments, the coils are mounted on the printed circuit 
board. However, the printed circuit board may not be re- 
quired if the coil position and the current direction are 
made and used in accordance with the present inven- 
tion. 
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Claims 

1. A reader coil antenna of a non-contact type card 
reading system, the antenna comprising an outer 
loop (120) and an inner loop (140), characterised 
in that the inner loop (1 40) is configured for gener- 
ating constructive interference with a magnetic field 
formed by the outer loop. 

2. A reader coil antenna according to claim 1 , wherein 
the inner and outer loops (120, 140) comprise re- 
spective turns of a spiral. 

3. A reader coil antenna of a non-contacting type card 
identification system, comprising: 

an outer coil forming a predetermined loop, and 
forming a magnetic field by receiving a current; 
and 

at least one inner coil disposed inside the loop 
of the outercoil, wherein said at least one inner 
coil generates a constructive interference in a 
direction of the magnetic field formed by the 
outer coil. 

4 -phe reader coil antenna according to claim 3, hav- 
ing at least two inner coils and wherein the inner 
coils are sequentially disposed in an internal direc- 
tion from said outer coil. 

5. The reader coil antenna according to claim 4, 
wherein one inner coil is used. 

6. The reader coil antenna according to claim 3, 
wherein an identical direction current is supplied to 
both of said outer coil and said at least one inner 
coil. 

7. The reader coil antenna according to claim 3, 
wherein the outer coil and the inner coil are incor- 
porated into one coil. 

8. The reader coil antenna according to claim 3, 
wherein the outer coil and the inner coil are formed 
in a circular loop. 

9. The reader coil antenna according to claim 8, 
wherein the outer coil and the inner coil are concen- 
trically aligned. 

10. The reader coil antenna according to claim 3, 
wherein 

the outercoil and the inner coil are made of cop- 
per, and have a thickness of 30 to 40jxm, and 
an interval between the outer coil and the inner 
coil is 20 to 30mm. 



11. The reader coil antenna according to claim 10, 
wherein a diameter of loop formed by the outer coil 
is 55 to 65mm. 

5 12. The reader coil antenna according to claim 3, 
wherein the outer coil and the inner coil are mount- 
ed on a printed circuit board. 

13. The reader coil antenna according to claim 12, 
10 wherein one side of the printed circuit board com- 
prises a magnetic inducing layer coated with a non- 
conductive magnetic material. 

14. The reader coil antenna according to claim 13, 
15 wherein the magnetic inducing layer is disposed at 

on internal region of the loop formed by the inner 
coil. 

15. The reader coil antenna according to claim 14, 
20 wherein a groove is formed in the internal region of 

the printed circuit board, and the magnetic inducing 
layer is correspondingly inserted into the groove. 

16. The reader coil antenna according to claim 15, 
25 wherein the groove formed on the printed circuit 

board has a shape corresponding to the shape of 
said internal region. 

1 7. A non-contacting type card identification system us- 
30 ing a reader coil antenna, comprising: 

a reader coil antenna which forms a magnetic 
field from a signal applied to flow in an single 
direction; 

35 a card reader to transmit an operating signal 

through the reader coil antenna, and decode an 
input signal from a non-contacting type card; 
and 

a control unit to decide identification of the non- 
40 contacting type card according to the decoded 
signal. 

18. The system according to claim 17, further compris- 
ing a matching circuit disposed between the card 

45 reader and the reader coil antenna, said matching 
circuit matching signals of the reader coil antenna 
and the card reader. 

19. The system according to claim 17, wherein the 
so reader coil antenna comprises: 

an outercoil forming a predetermined loop, and 
forming a magnetic field by receiving a current; 
and 

55 at least one inner coil disposed inside the loop 

of the outercoil, wherein said at least one inner 
coil generates a constructive interference in a 
direction of the magnetic field formed by the 
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outer coil. 

20. The system according to claim 19, wherein the out- 
er coil and the inner coil are incorporated into one 
coil. 5 

21 . The system according to claim 1 9, wherein the out- 
er coil and the inner coil are mounted on a printed 
circuit board. 

10 

22. The system according to claim 21 , wherein one side 
of the printed circuit board comprises a magnetic 
inducing layer coated with a non-conductive mag- 
netic material. 

15 

23. The system according to claim 22, wherein said in- 
ner coil creates an internal region inside of said in- 
ner coil and said magnetic inducing layer is dis- 
posed in said internal region. 

20 

24. The system according to claim 23, wherein a groove 
is formed in the internal region of the printed circuit 
board, and the magnetic inducing layer is corre- 
spondingly inserted into the groove. 

25 

25. A reader coil antenna of a non-contact type card 
reading system, the antenna comprising an outer 
loop (120) and an inner loop (140), characterised 
in that the inner and outer loops (120, 140) com- 
prise respective turns of a spiral. 30 
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